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Abstract — The use of available renewable energy sources for a cleaner and greener energy production is crucial for a 
country like Turkey. For this reason, the Turkish government, within the scope of Vision 2023, aims to use renewable energy 
sources such as solar, wind, wave and geothermal in the most effective way. It aims to increase the share of renewable 
energy sources in electricity generation to 30% by the year 2023. In addition to Turkey having a great potential for wind 
energy, wind energy is the second most widely used, both actual and planned, energy source after hydro energy for electric 
generation all over the world. Turkey had been late for studies in the field of wind energy, but it has progressed rapidly. 
Nevertheless, the 2023 targets are very optimistic and is a serious goal. In order to achieve this goal, there are several 
requirements, such as identification of available potential, getting technological know-how, obtaining technical equipment, 
making policies and legal regulations, realizing domestic production and supplying finance as well as duly managing them 
as a whole. In this study, the wind energy of Turkey was analyzed in terms of historical background, available potential, 
politics and policies and sectoral development and the 2023 targets were evaluated. 
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I. Introduction 

The Oil Crisis in 1973 created a serious concern about energy security and caused intense public debate around new and 
renewable resources all over the world. Although the oil prices fell in the mid-1980s, the concept of "energy security", which 
arose in the aftermath of the oil crisis, did not come to an end and "energy diversification" has become one of the 
indispensable elements of energy politics. 

Energy security and resource diversity have led renewable energy sources to be included in the energy sector. The emergence 
of environmental awareness in the 1990s was another event that supported the development of renewable energy sources. 
This awareness led to understand negative impacts which traditional energy production and consumption cause on the 
environment and natural resources at local, regional and global levels. Besides, renewable energy sources, which do not 
produce atmospheric pollutant emission, to be perceived as "clean energies" and be supported. 

Turkey is surrounded on three sides by the sea and it has 7200 km coastline, as for the lands Turkey has numerous mountain- 
valley formations giving the country an average elevation of 1100m. This geolocation and landscape offers Turkey a 
substantial wind energy potential. So, along with any other renewable energy sources, wind energy has become prominent 
for its rich potential and its expected good yield. Electricity generation from wind energy is achieved at prices competitive 
with traditional generation methods in many parts of the world (Demirbas, 2006). Considering all the above, studies aiming 
to determine the opportunities and potential in wind energy sector have begun. Over the course of last decade sector has 
grown rapidly all over the world with regard to last technological improvements and with the aid of support mechanisms and 
new incentives. As a consequence, the share of wind energy in electricity production has continuously increased. 

II. Potential 

Earlier wind measurements had been performed by National Meteorology Institute for weather forecast and climatic purposes 
and measurement generally reflected wind potential in living and agricultural areas. Therefore, any statistical data in hand 
was not helpful in terms of wind energy potential. 

In 1983, General Directorate of Electrical Power Resources Survey Administration (EIE) has launched R&D (Research and 
Development) projects in wind energy sector and benefited from the statistical data of wind speed and direction obtained by 
DMI between 1970 and 1980 in estimating average wind power density and wind speed all over Turkey. 

Later, the task of wind measurements has been assumed by EIE in 1990, after which the wind speed and wind direction have 
begun to be measured in areas having high potential for installation of wind power plants. 
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ilkilic and Nursoy (2010) reports that, amongst the European countries Turkey has the biggest wind energy potential so that 
even the whole electricity demand can be met. Kurban and Hocaoglu (2010a, 2010b) report Turkey's theoretically available 
annual potential to be 88,000 MW, 10.000 MW of which is economically feasible. Ogulata (2003) has reported his 
estimation of this value to be 83.000 MW, which is quite closer. What is more interesting is that more than 98% this potential 
is in Aegean, East-Mediterranean and Marmara regions (Hepbasli and Ozgener, 2003). Even the evaluation of statistical data 
obtained from DMI measurements between 1970 and 1980 has shown Marmara region as having the greatest potential with a 
wind density value of 51.91 W/m 2 (EIE, 1984). Another estimation of wind energy potential of Turkey assuming 5 MW 
capacity wind mills at a height of 50 m is constructed in areas having wind speed greater than 7.5 m/s revealed the technical 
potential to be 48.000 MW using a mid-scale weather forecast model and micro scale wind flow model (YEGM, 2010). 



Figure 1 Annual average wind speed at 50m above ground or sea-level 


Table 1 

Wind energy potential of Turkey (Annual average wind speed greater than 7.0 m/s at 50 m 
ABOVE THE GROUND LEVEL) (YEGM, 2010) 


Annual average wind speed 

Power density 

Capacity 

(m/s) 

(W/m2) 

(MW) 

7. 0-7. 5 

400-500 

29259 

7. 5-8.0 

500-600 

12994 

8. 0-9.0 

600-800 

5400 

>9 

>800 

196 

Total - Onshore 


37836 

Total - Offshore 


10013 

Total 


47849 


Regional wind energy potential, in terms of wind speed, map is given in Figure 1 and the most economic areas having wind speed greater 
than 7.0 m/s is detailed in Table 1 along with power densities and capacities, both on-shore and off-shore. 


III. Politics And Energy Policy 

An earlier target on utilization of wind energy, given in Figure 2, aimed to increase the wind energy capacity of Turkey from 
1360 MW to 1 1,200 MW, and its share in electricity generation from 0.5% to 3.6% (Demirbas, 2006). 
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Figure 2 Plots for estimated wind energy capacities of Tur ke y between 2005 and 2025. 

(Demirbas, 2006) 
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Figure 3 The development in use of renewable energy sources and planned future use 

As it can be seen in Fig. 3, the second largest source, after hydro energy, is wind energy, both in actual and planned. For sure, 
same situation is valid for Turkey. Hence within the scope of Vision 2023, the government has revised its target on 
utilization of renewable sources and the long-term goal of Turkey now is to make use of the whole technical potential of 
wind energy, hence the target has been revised to achieve 20,000 MW wind energy utilization (analyzing the off-shore wind 
energy possibilities as well) by the year 2023 (Kill? and Urgun, 2016). Nevertheless, another milestone for the year 2015 of 
10,000 MW (Ozcan, 2016) installed capacity of wind energy could not be realized and the actual value, being around 5.000 
MW, fell far behind. But considering the fact that the growth in recent years has been around 25% and assuming that it 
continues at this rate, it is still possible to reach 20.000 MW goal by the year 2023. 

Not only due to high initial investment costs but also for the lack of technical knowledge and experience, as well as absence 
of some political arguments, Turkey has failed to harvest much from wind energy (Hepbasli, 2004). Although Turkey has 
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regulated feed-in tariff and has made policies quite similar to developed countries such as the United States, China and some 
of the European Union countries, introduction of other subsidies, grants, loans and/or incentives still to come (Kaplan, 2015). 

It should also be kept in mind that service life of a wind turbine is 20 to 25 years and will run continuously for no longer than 

120.000 hours (EWEA, 2016). Namely, Turkey will continue to spend money in wind Turbines even after the realization of 
vision 2023 goals since it has not been a significant wind turbine manufacturer, nor has big WPP contractors. 

Enercon, a German company, has been producing 0.8 MW turbines in its production line in Izmir since 2005, but Turkey 
does not benefit much from it. On the other hand, Turkish wind turbine market, dominated by Enercon and Vestas, consists 
of all foreign investors and contractors such as Enercon (Germany, 36% market share). Vestas (Denmark, 24% market 
share), GE Wind (USA, 20% market share), Nordex (Germany, 16% market share) and Suzlon (India, 4% market share) 
(Reuters, 2010). Turkish companies such as SoyutEnerji and Model Enerji are keen to enter the market, and Turkey should 
pave the way for them. 

IV. Development Of The Sector 

Electric generation from wind energy began in 21st century. As to what Hepbasli (2001) reported, electricity generation from 
wind energy was first achieved in izmir, at Cesme Golden Dolphin Hotel in 1986 and had 55 kW nominal capacity. There 
have been other unsuccessful attempts between 1986 to 1996. Soon, Turkey’s first wind farm, having a capacity of 1.5 MW, 
was commissioned under Build-Operate-Transfer (BOT) concept in Izmir, (Je^me / Germiyan in February, 1998 (Kose et 
ah, 2004). Private sector has submitted numerous applications for licensing new wind power plants. Total installed capacity 
has reached 18.9 MW, Ministry of Energy and Natural Resources (MENR) has evaluated 72 new projects totaling about 

2.000 MW in early 2000s (Demirbas, 2006). After commissioning of 30 MW capacity Bandirma WPP Turkey’s installed 
capacity has reached 50.1 MW (Ozgur, 2008). But the objected development level could not be achieved then and the market 
did not achieve a significant growth until the law for the use of renewable energy sources in electricity production (Law No: 
5346) which included a series of policy reforms and subsidies passed in 2005 (Dursun and Gokcol, 2014). 

However, by the year 2007, Turkey was quite unsuccessful in making use of its rich potential. Despite the fact that Turkey 
has doubled its installed capacity for wind energy three times in a row, the installed capacity was only 791 MW in 2009. 
Continuously growing, the capacity has reached 5.146 MW by the year 2016 (TWEA, 2016). An 11,200 MW of installed 
capacity is expected to be reached by 2025 (Demirbas, 2006), where the share of wind energy for generating electricity 
would be around 3.6% (Balat, 2008). Taking into account the TWEA’s July Report, we can see that the target is pretty easy 
to be met with this trend. 
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Figure 4 Annual Installations for Wind Power Plants in Turkey (MW) 
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Figure 5 Cumulavite Installations for Wind Power Plants in Tur ke y (MW) 

Table 2 

Top ten wind power plants in Turkey (capacity- wise) (YEGM, 2016) 


Plant Name 

Licensed Capacity 
MW 

Location 

Status 

Geycek WPP 

150.00 

Kir^ehir 

Under Construction 

Bahkesir WPP 

142.50 

Bahkesir 

Under Construction 

Soma/soma WPP 

140.80 

Manisa 

Operational 

Osmaniye WPP 

135.00 

Osmaniye 

Operational 

Kangal WPP 

128.00 

Sivas 

Under Construction 

Karaburun WPP 

120.00 

Izmir 

Under Construction 

§amh WPP 

114.00 

Bahkesir 

Operational 

Baglar WPP 

100.00 

Konya 

Under Construction 

5 all WPP 

93.00 

Bahkesir 

Under Construction 

Aliaga WPP 

90.00 

Izmir 

Operational 

Bilgin/soma WPP 

90.00 

Manisa 

Operational 


According to YEGM’s report (2014), 41 (1,478.05 MW) of a total of 126 (4,465.10 MW) licensed wind power plants are 
operational. With a 4,503 MW installed capacity of wind power plants in operation, Turkey generated 11.552 GWh per 
annum as of the end of 2015 (MENR, 2014). 

As of 2008, referencing to The Energy Market Regulatory Authority (EMRA), had given license to 58 WPPs (totaling 2,126 
MW) of 751 applications (totaling 77,871 MW) received (Erdem, 2010). 

Installed wind energy capacity was 2312 MW in 2012, 2958 MW in 2013, 3762 MW in 2014, 4718 MW in 2015 and with 
additional 428 MW in the first half of 2016 this value has raised to 5146 MW (Fig. 4 and Fig. 5). 

As of 2016, the top ten largest WPPs in Turkey are given in Table 2, while some have been commissioned and are 
operational, some are still under construction. 
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V. Conclusion 

The major obstacles and handicaps in the path of achieving goals on utilization of wind energy and in the development of 
sector in Turkey is that there are still some political initiatives and actions to be taken along with getting know-how and 
industrial developments. Unfortunately having high potential or being rich in resources does not guarantee making use of the 
potential. Yet, neither do being determined and making regulations. There should be a good arrangement and concordance of 

all. 

In order to meet the Vision 2023 target of 20,000 MW, Turkey needs to commission nearly 16,500 MW WPPs between 2016 
and 2023. This requires the market growth rate to be maintained at the same rate it had in recent years, which is roughly 
around 25%. Considering that a proportional growth is not always possible after a point, as the nominal value of the 
percentage will rise to an unaffordable figure, we can say that an additional 2,000 MW capacity must be commissioned each 
year. 

Whether the price is affordable and rational for Turkey is up to the Turkish government, bur just for the curious; the unit cost 
of initial investment for electricity generation from wind energy in developed countries varied from 1127 US$/kW to 1376 
US$/kW in 2014 as reported by International Renewable Energy Agency (IRENA, 2015). And this is apart from the 
operation and maintenance costs, which is around $105/kW based on experiences in Germany, Spain, the UK and Denmark. 
As a result, Turkey needs to invest approximately 2.5 billion US$ each year in order to meet its Vision 2023 wind energy 
targets. 

Turkey has shown its ability and potency in accomplishing big projects and achieving hard-to-attain goals. As a conclusion, 
the Vision 2023 target on wind energy is hard to be met for a country at the scale of Turkey, but still theoretically possible 
both in terms of time and feasibility. However, Turkey may facilitate this task by implementing some subsidies, grants and 
incentives as well as encouraging local players for entering the market and pave the way for them. 
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